Introduction
============

In Iran, cancer is the third leading cause of death \[[@b1-IJCP-06-141]\] and among all types of cancer, colon cancer, after lung and stomach, is the third highest cause of death in the world \[[@b2-IJCP-06-141]\] and the third deadliest cancer in men and the fourth one in women \[[@b3-IJCP-06-141]\].

In Iran, the 5-year survival rate of colon cancer was approximately 60 percent \[[@b4-IJCP-06-141]\]. Colorectal cancer survival time has increased in recent years, but the mortality rate remains high. Although studies have determined a number of factors that can predict the survival of patients after diagnosis, life expectancy has not been increased dramatically. It seems that among the prognostic factors explored so far, the most important ones are those that relate to early diagnosis of cancer. Colon cancer is more common in the elderly, although approximately 43 percent of colorectal cancer in Iran occurs before 50 years of age \[[@b5-IJCP-06-141]\]. It is well established that colorectal cancer is one of those cancers that can largely be prevented by the early detection and removal of adenomatous polyps \[[@b6-IJCP-06-141]\].

In survival analysis, the aim is the survival time models as a function of covariates; the most commonly used model in medical research is the Cox Semi-parametric model \[[@b7-IJCP-06-141]\]. The regression model is based on the assumption that the ratio of hazard functions for two different values of the covariates is proportional (PH). In cases where the PH assumption doses not satisfy, the extended Cox model can be applied. In the extended Cox model, the variable that the PH assumption does not hold for it interacts with the regression model as a function of time \[[@b8-IJCP-06-141]\]. This function is often considered as an indicator function that often causes a jump in the hazard function \[[@b9-IJCP-06-141]\]. If survival curves are crossed, the other semi-parametric models such as the Accelerated Failure Time (AFT) model or Proportional Odds (PO) model will also fail under such circumstances. Moreover, the application of survival analysis models which do not have such restrictions is important.

Using a Bayesian approach has some advantages over the classics, but the Bayesian methods often require complicated computations and are much less used. In this study, non-parametric Bayesian model was used to estimate the 5-year survival function of colon cancer patients in Cancer Research Center of Shahid Beheshti University of Medical Sciences in Tehran.

Materials and Methods
=====================

The sample in this survival study, based on the recorded statistics at the Cancer Research Center of Shahid Beheshti University of Medical Sciences, consisted of the patients with colon cancers diagnosed from April 2005 to November 2006 who were followed up for 5 years. The inclusion criteria were the diagnosis of colon cancer at the time and being resident in Tehran. The minimum sample size, with the proportion of 0.50, a 95% confidence interval (Z=1.96) and the precision of 0.05 (d), was 385 alive patients with 5-year survival time. From April 2005 to November 2006, 1700 patients referred to the Cancer Research Center of Shahid Beheshti University of Medical Sciences. To collect data, telephone interview was done with the patients (if he/she was dead, the interview was done with the family and relatives). Out of 1700 contacts with patients, the 580 were successful. Out of 580 patients, 389 patients were alive and 191 patients have died during these 5 years. Information on the age of the patients at diagnosis, their sex, and their type of treatment (surgery-other treatments) was collected.

In this study, the non-parametric Bayesian model with the dependent Dirichlet process was used. It was supposed that the survival times were mixture distribution of normal densities \[[@b10-IJCP-06-141], [@b11-IJCP-06-141]\] and the mixture was defined by Dirichlet process \[[@b12-IJCP-06-141], [@b13-IJCP-06-141]\]. Conjugate prior distributions were considered with the normal and inverse gamma distributions \[[@b9-IJCP-06-141], [@b14-IJCP-06-141]-[@b16-IJCP-06-141]\]. The choice of parameter values of priors was based on a method that was introduced by de Carvalho et al. \[[@b17-IJCP-06-141]\].

After the determination of parameters of prior distributions, to evaluate the performance of the non-parametric Bayesian model, the estimated survival function of the model was compared with the Kaplan-Meier curve. Data analysis was carried out by using R software and significant levels were considered 0.05.

Results
=======

Out of the 580 patients, 69.9% were alive. The range of patients\' age at diagnosis was 24 to 90 years with the mean of 65.1 (SD=12.3) that was 31.1% less than 60 years. 45.9% of them were male. 87.7% of the patients had a surgery, while 12.3% did not. 46.7% of women and 53.3% of men underwent a surgery and respectively, 19.9% of the patients aged less than 60 years at diagnosis and 8.7% of patients who were older than 60 years at diagnosis did not have one. Log-rank test indicated a significant relationship between sex, age diagnosis and the type of treatment with survival time. For these variables, satisfying the PH assumption by using Schoenfeld residuals were assessed and this assumption does not hold to the type of treatment (P= 0.011).

Plots in [Figure 1](#f1-IJCP-06-141){ref-type="fig"} show the survival function for the type of treatment using the non-parametric Bayesian model and the Kaplan-Meier method (left) and also the hazard function with a 95% credible interval (right). As shown [Figure1](#f1-IJCP-06-141){ref-type="fig"}, the survival function under the Bayesian non-parametric model is close to the Kaplan-Meier curve. Up to 30 months, the hazard is higher for the patients who had a surgery than the other group and after 30 months it is reversed. Given that the credible interval does not overlap between the two treatment groups, the hazard for the two groups differs.

The fitted non-parametric Bayesian model was as:
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The results of non-parametric Bayesian are demonstrated in [Table 1](#t1-IJCP-06-141){ref-type="table"}. The mean survival time for the patients who had a surgery was one month more than the ones not having a surgery; and for women, it was four months more than men. Regarding the patients with a cancer diagnosis age above 60, the mean survival time was five months more than the patients with cancer diagnosis age of below 60 years of age.

[Figure 2](#f2-IJCP-06-141){ref-type="fig"} shows the estimated survival function under non-parametric Bayesian model for the two treatment groups of women and men in the patients with diagnosis ages below 60 years old. [Figure 3](#f3-IJCP-06-141){ref-type="fig"} shows the same, but for the patients with cancer diagnosis ages of above 60. As is evident in [Figure 2](#f2-IJCP-06-141){ref-type="fig"}, in the two treatment groups, survival probability was more in women than in men. In women, after 40 months and in men, after 30 months from the study, the survival probability was more for the patients who had undertaken a surgery than those who had not, but later on, it reversed. On the other hand, the difference between survival probabilities, in the two treatment groups, was less in women than men.

In the patients with diagnosis age of above 60 years old, in the two treatment groups the survival probability in women was higher than men. In both women and men, for nearly 30 months after the study, the survival probability was higher for the patients who had a surgery than those who had not, but later on, it reversed. In addition, in the two treatment groups the difference in survival probabilities in women was less than men ([Figure 3](#f3-IJCP-06-141){ref-type="fig"}). A comparison between [Figures 2](#f2-IJCP-06-141){ref-type="fig"} and [3](#f3-IJCP-06-141){ref-type="fig"} shows that survival probability for patients in the age group of below 60 years old, is higher than those in the age group of above 60.

Discussion
==========

In the current study, the relationship between the 5-year rsurvival of patients with colon cancer was analyzed by sex, age at diagnosis and type of treatment. There was a significant relationship between sex, age at diagnosis and the survival time, but there was non-significant relationship between type of treatment and the survival time. Furthermore, the non-parametric Bayesian model was used for estimating the survival function and it was compared with the Kaplan-Meier curve.

In this study, the age at diagnosis was significantly associated with the survival time; the lower the age at diagnosis, the higher the survival time. Mehrkhani et al., Rosenberg et al., Moradi et al., and Luhavinchi also showed that there is a significant association between age at diagnosis and the survival time \[[@b18-IJCP-06-141]-[@b21-IJCP-06-141]\] and Fang, strange, Moghimi-Dehkordi, Zhang and Wang in their studies found a non-significant relationship between the age at diagnosis and the patient survival time \[[@b22-IJCP-06-141]-[@b26-IJCP-06-141]\]. Another variable that had a significant effect on the survival of patients was the gender variable where the survival time was found to be higher in women than men. The result of this study is in accordance with Moradi et al. and Ghazali et al. where the gender variable was significant \[[@b20-IJCP-06-141], [@b27-IJCP-06-141]\] but in contrast with the results of some other studies \[[@b18-IJCP-06-141], [@b19-IJCP-06-141], [@b21-IJCP-06-141], [@b28-IJCP-06-141]\]. Treatment type variable had no significant relationship with survival time and the result of this study was in contrast with Moghimi-Dehkordi et al. \[[@b24-IJCP-06-141]\].

The estimated survival function under the non-parametric Bayesian approach for the treatment type is similar to the Kaplan-Meier curve. It indicates that the non-parametric Bayesian model suits the data for this study; hence, this model was used to estimate the survival function. Advantages of the non-parametric Bayesian survival regression model include the ease of interpretability and computational tractability. In case the PH assumption is not satisfied, the non-parametric Bayesian model with the dependent Dirichlet processis suggested \[[@b9-IJCP-06-141]\].

Treatment type for each patient is based on various factors such as patient\'s age, health and disease stage. In this study, 87.8% of the patients underwent a surgery, and only12.2 percent had no surgery. Most cases of colon cancer undergo a surgery in addition to other treatments. Cases with no surgery can occur for three reasons: either the disease has been locally advanced, or the patient\'s overall health is not in a situation to tolerate a surgery, or it is due to underlying diseases such as diabetes or high age, or because the patient does not refer to and it is often due to socioeconomic factors. As it was observed in the beginning, the probability survival in patients undergoing a surgery was less than the patients who have not had surgery and it was reversed at the end of the study. For both treatment groups the probability survival in men is less than women and difference in survival probabilities in women was less than men.

Participants with high socioeconomic levels participated more in colon cancer screening programs \[[@b29-IJCP-06-141]\] while the detection of tumors at advanced stages is more prevalent in patients at low socioeconomic level. The factors that affect patients\' treatment \[[@b30-IJCP-06-141]\] and hence the hazard of death from cancer is higher for patients at lower socioeconomic levels \[[@b31-IJCP-06-141]\]. Due to the patients\' various socioeconomic levels there are differences in hazard between men and women and also in age at diagnosis.
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![It shows estimated survival function under non-parametric Bayesian model and of Kaplan-Meier curve (left panel) and the estimated hazard function with 95% credible interval (right panel) for the type of treatment of colon cancer patients.](IJCP-06-141f1){#f1-IJCP-06-141}

![It shows estimated survival function under Bayesian non-parametric model in two treatment groups of men (right panel) and women (left panel) with diagnosis age of below 60 for colon cancer patients.](IJCP-06-141f2){#f2-IJCP-06-141}

![It shows estimated survival function under Bayesian non-parametric model in two treatment groups of men (right panel) and women (left panel) with diagnosis age of above 60 for colon cancer patients.](IJCP-06-141f3){#f3-IJCP-06-141}

###### 

Results of non-parametric Bayesian model for treatment, sex and age at diagnosis of colon cancer patients

  Variable                    Coefficient   S.E    95% Credible interval
  --------------------------- ------------- ------ -----------------------
  **Intercept**               55.89         1.60   (52.88,58.99)
  **Type of Treatment ^1^**   1.01          2.24   (-5.41,3.35)
  **Sex ^2^**                 -3.97         1.61   (-7.17,-0.89)
  **Age at diagnosis ^3^**    -5.04         1.46   (-7.89,-2.24)

Ref; 1: Had no surgery; 2: Male; 3: Less than 60 years old.
